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0 Method of recording fialftone dot image. 

@ Screen patterns for respective coior components 
are represented by arrays of unit regions. The arrays 
for respective color components have a same array 
pitch and a same array orientation. Color component 
images are converted into color component halftone 
dot images through the screen patterns. When the 
density of the color component images is in a pre- 
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determined range, the color component halftone dot 
images have a plurality of linear dot elements in 
each unit region. The plurality of linear dot elements 
extend in a predetermined direction which is dif- 
ferent for each color component. 
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BACKGROUND OF THE INVENTION 



Reld of the Invention 

5 

The present invention relates to a method of 
recording halftone dot images and more particu- 
larly to improvement for obtaining halftone dot im- 
ages having high resolution. 



set to the same value to prevent the rosetta moire 
from occum'ng, the rosetta moire does not occur, 
however a problem arises that what is called "color 
misplacement" is liable to occur due to being out 
of register That is, when the mutual positional 
relation of color-separeted images on the printing 
sheet is slightly deviated from a regular one. the 
visible tone of the printed matter changes, and 
some deviations of the screen angles may cause a 
moire having a noticeably large pitch due to the 
repetition of such tone changes. 



SUMMARY OF THE INVENITON 

The present invention is directed to a method 
of recording a halftone dot color image on a re- 
cording medium. 

According to the present invention, the method 
comprises the steps of: (a) separating an original 
image into a plurality of color component images; 
and (b) converting the plurality of color component 
images into a plurality of color component halftone 
dot images under a rule including the following 
conditions (b-1) through (b-5); 
(b-1) the plurality of color component halftone dot 
images have respective arrays of unit regions de- 
fining cells in halftone dot representation; (b-2) the 
respective arrays of unit regions have a substan- 
tially same an^y pitch and substantial same ori- 
entation; (b-3) a plurality of core positions are de- 
fined in each unit region in the respective arrays; 
{b-4) a plurality of linear dot elements which have a 
substantially same area and which extend from the 
plurality of core positions along respective pre- 
determined directions are obtained in the unit re- 
gions when a halftone dot area rate of a cor- 
responding color component halftone dot image is 
in a predetermined range of dot area rate; and (b- 
5) the respective predetermined directions are dif- 
ferent for each color component halftone dot im- 
age. 

In the next steps (c). the plurality of color 
component halftone dot images are overprinted on 
a recording medium to obtain a halftone dot cotor 
image on the recording medium. 

Preferably, the rule further includes the follow- 
ing conditions (b-6) and (b-7): 
(b-6) a plurality of linear blank elements which 
extend along respective predetermined directions 
are obtained in the unit regions when a halftone dot 
are rate of a corresponding color component hal- 
ftone dot image is in a predetermined rang of dot 
area rate; (b-7) the respective predetermined sec- 
ond directions are different for each color compo- 
nent halftone dot Image. 

In an aspect of the present invention, the rule 
further includes the following condition (b-8): 



Description of Prior Arts 

/" 

It is general to increase a screen mling (the^' 
array number of halftone dots per inch or that'€f is 
single lines per inch) of halftone dot images in 
order to improve the resolution of printed matters 
for the readability of tiny characters. 

There is a problem of the unstable tone of 
printed matters when the screen ruling is 200 20 
linesiinch or more. Generally, the screen mling 
cannot be increased up to 200 lines/inch or more, 
thereby the improvement of the resolution being 
limited. 

Another method for improving the resolution of 25 
printed matters is Bisutti *s method disclosed in 
Japanese Patent Publication No. 44-6404 and Jap- 
anese Utility. Model Application Laid-Open No. 59- 
27546. In the method, two or more series of hal- 
ftone dots with respectively different sizes are ar- 30 
ranged regulariy like a square lattice. 

The halftone dot images according to Bisutti 's 
method is appropriate to monochrome printing, 
however not to color printing. In the case of over- 
printing color-separated images for four colors in as 
color printing, screen angles in the halftone dot 
images for respective color blocks are set to dif- 
ferent values from each other respectively by 30*. 
only for yellow block to a value different from other 
tv/o blocks by 15*, to avoid the occurrence of 4o 
moire. In Bisutti 's method. It is impossible to set 
the screen angles in the halftone dot images for the 
color blocks except yellow one to the different 
values from each other respectively by 30 be- 
cause one halftone dot image has substantially two 45 
screen angles different from each otiier by 45*. 

On the other hand, minute annular patterns 
occur periodically due to the aforesaid differences 
in screen angle in the conventional methods of 
printing a plurality of halftone dot images having so 
different screen angles from each other on the 
same sheet The annular patterns are called as 
rosetta moire, which often occurs in a relatively 
large region on a printed sheet It has a problem of 
being attention-getting once it comes into notice, 55 
though usually unattractive due to its minuteness, 
and deteriorating the quality of Images. When the 
sci'^eh angles in four color-separated Images are 
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(b-8) one or more dot cores are obtained at one or 
more positions included In the plurality of core 
positions when a halftone dot area rate of a cor- 
responding color component halftone dot image is 
in another predetermined range of dot area rate. 5 

The present invention is also directed to a 
color process scanner. According to the present 
Invention, the scanner comprises: (a) means for 
reading an original Image and for generating color 
component signals representing the original Image io 
for each color component: (b) means for generating 
screen pattern signals representing predetermined 
threshold levels for each color component: (c) 
means for comparing the color component signals . 
with the screen pattern signals for each cofor comy^ 
ponent and for each pixel to generate halftone d6t 
signals for respective color components: (d) means 
for modulating a light in accordance with the hal- 
ftone dot signals for respective color components 
and for each pixel; and (e) means for relatively 
moving the light and a photosensitive film so that 
the light scans the photosensitive film to record 
color component halftone images on the recording 
film. 

The scanner is characterized in that the means 
(b) includes; means for generating the screen pat- 
tern signals under a rule including the following 
conditions {b-1) through (b-3): 
(b-1) the threshold levels are assigned to respec- 
tive pixels in a matrix pixel array for each color 
component, the matrix pixel array having a same 
array size and a same orientation for all color 
components: (b-2) a distribution of the threshold 
levels in the matrix pixel array includes a plurality 
of valleys extending along a predetermined direc- 
tion for each color component: and (b-3) the pre- 
determined direction is different for each color 
component. 

A "halftone dot" designates a minute dot of 
which shape and size are variable according to the 
density of an image having gradation to be repro- 
duced. In the conventional methods, there is one 
halftone dot in a repetition unit region. In the 
present invention, however, since there are a plu- 
rality of minute dots in the repetition unit region, 
the Individual minute dots are referred to as 
"halftone dot components" and the whole set of 
halftone dot components In one repetition unit re- 
gion as a "halftone dot". 

The "unit region" or a "repetition unit region" 
of the halftone dot designates the minimum repeti- 
tion region which appears in the repetition patterns 
formed by the halftone dots in the case of forming 
the halftone dot at a constant halftone dot area 
rate. 

The "dot core" or a "halftone dot forming 
core" designates the point which forms a core from 
which ithe halftone dot components grow according 



to the halftone dot area rate. 

"Screen" signifies a reticulate lattice compris- 
ing two crossing sets of periodical parallel lines 
which link the centers of the repetition unit regions 
of the halftone dots. The reticulate lattice may be 
not only rectangular but also parallelogrammatic. 

A "screen pitch" signifies each length of two 
adjacent sides of the parallelogram, and a "screen 
angle" signifies the angle formed by each of two 
adjacent sides of the parallelogram with a horizon- 
tal line, generally measured for corresponding one 
side of a parallelogram (normally a square) in each 
block. The screen pitch corresponds to the array 
pitch of the repetition unit region and the screen 
angle to the array orientation or the anray angle 
thereof. 

The same array pitch and array angle in the 
repetition unit region are set in common to halftone 
dot images for all color components, thereby the 
20 unit region of the repetition patterns being almost 
the same in size as one halftone dot In a repro- 
duced image to be produced on the basis of the 
halftone dot Images for respective color compo- 
nents. Therefore, large-scale repetition patterns 
2S which cause the rosetta pattern are not generated. 

Besides, the halftone dot recorded shape is 
formed as a collection of the linear elements ex- 
tending in a predetermined extension direction, 
which is different in the halftone dot images for 
30 resepctive color components. Hence, this construc- 
tion prevents the area of the overlapping portion of 
halftone dot recorded shapes for respective color 
components due to being out of register from 
changing extremely, thereby generating no color 
35 misplacement. 

Furthermore, a plurality of halftone dot forming 
cores are defined in the repetition unit region of the 
halftone dot. In the first range of halftone dot area 
rates, the halftone dot recorded shape Is defined to 
40 comprise a plurality of linear shapes extending 
from the respective halftone dot forming cores. 
Therefore, in this range, the screen ruling substan- 
tially Increases and the resolution is Improved, 
When the shape of the blank element or a 
45 blank region which is other region than the halftone 
dot recorded shape in a repetition unit region is 
defined to comprise a plurality of linear shapes in 
the second range of halftone dot area rates, the 
screen ruling substantially increases and the reso- 
50 lutlon is improved also in the second range of 
halftone dot area rates. 

Accordingly, an object of the present invention 
is to provide a method of recording halftone dot 
images capable of obtaining printed matters having 
55 high resolution while preventing color misplace- 
ment and rosetta moire from occurring. 

These and other objects, features, aspects and 
advantages of the present invention will become 
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more apparent from the following detailed descrip- 
tion of the present invention when tal<en in conjunc- 
tion with the acconfipanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 A and IB are block diagrams showing the 
construction of a device in which a method 
according to a prefenred embodiment of the ;o 
present invention is conducted; 
Rg- 2 is a concepfonal diagram showing hal- 
ftone dot images on a recording film; 
Rgs. 3A - 3F are explanatory diagrams showing^''' 
the construction of halftone dots according lo rs 
the preferred embodiment of the present inven- 
tion; 

Rgs. 4A-4D. 5A. 5b. 9A. 9B and 10A - IOC are 

explanatory diagrams showing the changes of 

halftone dot recorded shapes; 

Rg. 6A shows the changes of a substantial 

screen ruling in relation to halftone dot area 

rates; 

Hg. 68 shows the changes of a dot gain amount 

in relation to halftone dot area rates; 25 

Rg- 7 is a conceptional diagram showing the 

construction of screen pattern data; and 

Rg. 8 is a flow chart showing the procedure of 

the preferred embodiment. 



™E PREFERRED EMBODI- 
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each other, color misplacement occurs in the case 
where the mutual positional relation between the 
respective color component images Is shifted on a 
pnnting sheet. As an example of the "color mis- 
placement", in producing a grey printed region by 
overprinting three colors, yellow, magenta and 
cyan, the whole printed region becomes yellowish 
when the yellow block is slightly out of register and 
yellow-Ink is printed on a portion which is partially 
or fully deviated from the portion on which magenta 
and cyan are overprinted, that is. when the area on 
which yelbw is overprinted with the other colors is 
reduced. 

When, in addition to equalizing the screen an- 
gles and screen pitches of the respective color 
component images with each other, each halftone 
dot recorded shape is defined as a set of straight 
segments or lines extending in a predetermined 
direction and the extension directions of the linear 
halftone dot components are defined to be different 
in respective color component images, the area on 
which respective color inks are overprinted is 
smaller than that in the aforementioned case. Even 
if the area of the overlapping portion may change 
due to being out of register, the amount of change 
thereof is relatively small. Therefore, the color mis- 
placement as above-mentioned is preventable. 

Furthermore, when the linear halftone dot com-" 
ponents are formed so as to extend from a plurality 
Of halftone dot forming cores, the resolution of 
pnnted matters is improved. 



A. Fundamental Conception 

If a plurality of halftone dot forming cores are 
provided in a repetition unit region of a halftone 
dot. the resolution of printed matters can be im- 
proved as in Bisutti 's method. In color printing 
however, foltawing improvements are necessary to 
prevent the rosetta moire and color misplacement 
from occurring. 

In conventional color printing, a plurality of 
halftone dot images for respective color compo- 
nents are composed of screen structures having 
respectively different screen angles (for example. 
0 .15 .45 and 75 ). Resulting from overlapping 
three color components images among them at 
screen angles different from each other by every 
30 , periodic, annular patterns (rosetta moire) oc- 
cur. Therefore, when a same screen angle is given 
to respective color component images, the occur- 
rence of the rosetta moire can be prevented 

However, when the screen angles and screen 
pitches of the respective color component images 
are equalized with each other and tiie halftone dot 
recoWed shapes thereof are also equalized witii 



35 



B. Construction of Halftone Dot 



Figs. 3A - 3F are explanatory diagrams show- 
ing the construction of halftone dots according to a 
preferred embodiment of the present invention. 
Figs. 3A - 3D illustrate corresponding parts of hal- 
40 ftone dot images ly,. U. |„ and l„ for color 
components of yellow (Y). magenta (M). cyan (C) 
and black (K) in four color printing, which have ttie 
halftone dot area rates about 25%. 

The halftone dot images or color component 
45 images I,,, and l„ have repetition unit 

regions U^,. U„,. Uc, U„, and U^, which are unit 
cells in halftone dot representation and are squares 
equal to each other. One repetition unit region Uv, 
includes two halftone dot components Ha,, and 
50 Hby, . The same is true for the other repetition unit 
regions U„,. Uc and U^,. The halftone dot compo- 
nents in the respective halftone dot images 1,,. I„, 
'ci and Ik, have elongated and linear recorded 
shapes along the respectively specified directions 
55 (hereinafter referred to as "extension directions") 
Ayi. Am,, Ac, and Ak,. 

A screen angle is conventionally defined as ttie 
smaller of two angles taken counterclockwise be- 
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tween two lattice axes Slyi and S2yi and the 
horizontal line in the halftone dot lattice structure 
fomied by halftone dot centers Oyi. for example. 
On the other hand, in the present invention, the 
screen angle is defined as "the smallest of a plural- 5 
ity of angles taken counterclockwise from a main 
scanning direction y to the directions of a plurality 
of lattice axes specifying the halftone dot lattice 
staicture". Accordingly, all screen angles are zero 
in the halftone dot images ly, - 1^ shown in Rgs. io 
3A - 3D. Furthermore, because the angles between 
^ the first lattice axes S1yi -Slki and the second 
lattice axes S2yi - S2ki are equal with each other, 
the screen angle can be defined on the basis of 
either the aforementioned first or second lattice y 'i5 
axes. "The sameness in array orientations ^r^ 
screen angle" in the present invention means that 
the angles between the first lattice axes S1yi - S1ki 
and the second lattice axes S2yi -S2kt are equal 
with each other in the respective halftone dot im- 
ages lyi - Iki and the screen angles defined accord- 
ing to a predetermined rule common to the respec- 
tive halftone dot Images lyi - Im are equal to each 
other. 

On the other hand, distances P1yi - PIm be- 
tween the halftone dot centers along the first lattice 
axes Slyi -S1ki are defined as first screen pitches 
and distances P2yi -P2ki between the halftone dot 
centers along the second lattice axes S2yi - S2ki 
as second screen pitches. In the example shown in 
Figs. 3A - 3D, the screen pitches are equal with 
each other and following equations are satisfied: 
Plyi = Plmi = P1ci = Piki = K, (1) 
P2y, = P2,, = P2ci = P2ki = K2 (2) 
K, = K2 (3) 

where, Kt and Kz are the constants representing 
the values of the first and second screen pitches, 
respectively. 

Furthermore, the halftone dot images lyi - Iki 
are characterized in that the extension directions 
" Ayt - Akt of the halftone dot components are dif- 
ferent from each other. The extension directions 
Ayt - Aki are oriented in the directions of 120*. 
30* , 150* and 60* respectively with respect to the 
main scanning direction y. 

When the halftone dot Images lyi - Iki are 
overprinted on a sheet with respective color inks, a 
reproduced image In having the halftone dot con- 
struction shown in Fig. 3E is obtained. The repro- 
duced image shows the case where the halftone 
dot centers Oyi - Oki of the respective halftone dot 
images iyi - Iri coincide at the same point On on 
the image plane. Since the extension directions Ayi 
- Aki of the halftone dot components are different 
from each other, the overlapping region of respec- 
tive colors Is small. Hence, even if being out of 
register in printing, the area of the overlapping 
region does not change so much and the color 



misplacement is not liable to occur. Besides, since 
the reproduced image in is formed by minimum 
repetition patterns wherein a square repetition unit 
region Uyi is a unit, the rosetta moire does not 
occur. 

In Rg. 3E, the halftone dot centers Oyi - Oki of 
the respective halftone dot Innages lyi - Iki coincide 
at a point On on the reproduced image In. however 
they may be defined at respectively different posi- 
tions. Rgi" 3F shows a reproduced image and the 
halftone dot construction thereof in the case where 
the respective halftone dot centers Oyi -Oki do not 
coincide. In the reproduced image Ita shown in Rg. 
3F. for example, a group of the halftone dot centers 
Oyi and Omi is defined at a different position from 
a group of the halftone dot centers Oct and Oki. 

In the cases of Figs. 3A - 3F. all screen angles 
and screen pitches In the halftone dot images lyi - 
Iki for respective colors, Y. M, C and K, are set to 
20 the same. Since three colors. M. 0 and K, are 
particulariy related to the occurrence of the rosetta 
moire, the halftone dot image lyi for Y (yellow) may 
be constructed in accordance with the halftone dot 
structure different from those for the colors, M. G 
25 and K. It is possible, for example, to set only the 
screen angle of the halftone dot image lyi to 15* or 
30*. In such construction, large and small overiaps 
of the yellow halftone dot Hyt with the other hal- 
ftone dots Hmi, Hci, Hki are evenly distributed over 
30 the entire image region, thereby being effective to 
prevent the color misplacement. 



C. Change of Halftone Dot Shape and Gharacterls- 
35 tics thereof 

Figs. 4A-4D show the changing processes of 
the recorded shapes of the halftone dot images lyi, 
Imi. Id and Iki in accordance with the halftone dot 
40 area rates. Rgs. 4A-4D illustrate the recorded 
shapes of the halftone dots Hyi, H^i, Hd and in 
the repetition unit regions Uyi, Umi, Ud and Um 
respectively. In addition, the halftone dot Hyi with 
the halftone dot area rate r% is expressed as Hy^ - 
45 (r). The halftone dot components composing the 
halftone dots Hyi. Hmi, Hd and are hatched 
with oblique lines. 

When the halftone dot area rate r is 2% or 
less, the halftone dot Hyi(r) is composed of only 
50 one halftone dot component Hyn. Such an initial 
and minute halftone dot component is in particular 
referred to as a "halftone dot forming core". When 
the halftone dot area rate r is between 2 - 4 %, it Is 
composed of two halftone dot fonnlng cores Hyn 
55 and Hyi 2; when 4 - 6 %, three halftone dot forming 
cores Hyii - Hyi3: and when 6 - 8 %, four halftone 
dot forming cores Hyn - Hyi4. 

When the halftone dot area rate r is 8% or 
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more, the halftone dot components extend from the 
respective halftone dot forming cores Hy„ - H^,^ in 
the extension direction Ay, (See Fig. 3A.). When 
the halftone dot area rate r is 25 %. two halftone 
dot components which have grown from two hal- s 
ftone dot forming cores Hy„ and H^,^ respectively 
are connected to each other to form one halftone 
dot component Hay,. Two halftone dot components 
which have grown from two other halftone dot 
fonming cores Hy,3 and Hy,^ respectively are also to 
connected to each other to form one halftone dot 
component Hby,. As a result, the halftone dot Hy,. 
(25) is composed of two halftone dot components y 
Hay, andHby,. 

The order of the an-angement of new halftone' 75 
dot fonning cores before the halftone dot area'rate 
r reaches 8% is not limited to Hy„ - Hy,2 - Hy,3 
Hy,4 as shown in the figure. It Is arbitrarily 
definable such as Hy,3 Hy,^ Hy„ ^ Hy,,. 
Ukewise. the order of the halftone dot forming 20 
cores from which the halftone dots are grown Is 
arbitrarily definable, when the halftone dot area rate 
is between 8 - 25 %. The same Is true for the 
range of the halftone dot area rate between 50 - 95 
or 100 % as described later. 25 

Even when the halftone dot area rate is 25 % 
or more, the halftone dot components Hay, and 
Hby, continue to extend along the extension direc- 
tion Ayi, so that they are connected to the halftone 
dot components of the adjacent halftone dots to 30 
form parallel lines equally spaced. Subsequently, 
tiie width of the halftone dot components grows 
until the halftone dot area rate r reaches 50 %. Fig. 
5A shows 3x3 array of the halftone dot Hy, (50) in 
the case where the halftone dot area rate r is 50 %. 35 
The halftone dot components in the adjacent hal- 
ftone dots are connected to each other along the 
extension direction Ay,, thereby fonning a set of 
periodical parallel lines or a stripe pattern equally 
spaced. At this time, the halftone dot components 40 
and blank components (other portions tiian the 
halftone dot components) are the same In width. 

When the halftone dot area rate r is 50 % or 
more, the halftone dot components spread partially, 
so that the parallel lines are partially connected 45 
with each other and they separate the blank com- 
ponents which have been connected together. Fig. 
58 shows 3x3 array of the halftone dots Hy, (65) in 
the case where the halftone dot area rate r is 65 % 
Each halftone dot Hy,(65) has three blank compo- 50 
nents BEt - BE3. The blank components in the 
adjacent halftone dots are connected to each other 
and form respectively independent and insular 
blank regions. In the range of the halftone dot area 
rate r between 50 - 95 %, the length of the in- 55 
dependent and blank regions is gradually de- 
creased and then the blank components disappear 
one by one. 



When the halftone dot area rate r is 95 %, the 
halftone dot Hy,(r) has only one blank component. 
At the halftone dot area rate r of 95 % or more, the 
blank component becomes smaller gradually. 
When the halftone dot area rate r reaches 100 %. 
tiie repetition unrt region Uy, Is fully occupied by 
the halftone dot components. 

The second halftone dot H^,(r) is given by 
rotating ;the first halftone dot Hy,(r) by 90 ' coun- 
terclockwise; the third halftone dot Hc,(r) by tuming 
over the second halftone dot Hn„(r); and the fourth 
halftone dot Hk,(r) by rotating the third halftone dot 
Hci(r) by 90 counterclockwise. 

Fig. 6A is a conceptional diagram showing a 
substantial screen ruling of tiie halftone dot image 
in relation to the halftone dot area rate. The sub- 
stantial screen njling N is defined as follows: 
[substantial screen njling N] 
= [number of parallel lines per inch] 
= [inverse of interval (inch) of parallel lines] (4) 
As contrasted with the substantial screen ruling, a 
nominal screen ruling Is defined as follows: 
[nominal screen ruling] 
= [array number of halftone dots per inch] 
= [inverse of screen pitch (inch)] (5) 

First, in Rg. 6A, comparison is made between 
tiie substantial screen mling Np of the conventional 
halftone dot image and tiiat Ny, of the halftone dot 
image ly,. The conventional halftone dot is com- 
posed of only one halftone dot component over the 
entire range of the halftone dot area rates r. Rg. 6A 
shows the comparison of the substantial screen 
rulings of the halftone dot images having the same 
nominal screen ruling N„. The substantial screen 
ruhng Np of the conventional halftone dot image is 
constant in relation to the halftone dot area rate r 
and equal to the nominal screen ruling N„. On tiie 
other hand, tiie substantial screen ruling Ny, of tiie 
halftone dot image ly, increases each time the 
halftone dot fomning cores Hy„ -Hy,^ shown in Rg. 
4A increase one by one. When the halftone dot 
area rate is about 8 %, the substantial screen 
rulmg Ny, Is about twice the number of the nominal 
screen ruling N„. Since the increase of the substan- 
tial screen ruling results in the improvement of the 
resolution of printed matters, the resolution of the 
halftone dot Image ly, is higher than that of the 
conventional halftone dot. 

When tiie halftone dot area rate is 50 % or 
more, the blank regions are formed in an indepen- 
dent and insular shape as shown in Rg. 5B. As a 
result, tiie substantial -screen ruling Ny, decreases 
as the halftone dot area rate increases. 

When the halftone dot area rate is about 95 % 
or more, the substantial screen ruling Ny, coincides 
with the nominal screen ailing N„. This is because 
the halftone dot Hy, (95) (See Rg. 4A.) becomes 
equivalent to the conventional halftone dot (square 
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dot), that is, because the halftone dot Hy, (95) has 
only one approximately square blank connponent. 

Rg. 6B is a conceptional diagranr> showing a 
dot gain in relation to the halftone dot area rate. 
The dot gain G (%) is given as follows: 5 
G = (halftone dot area rate on printed nnatters) 
- (halftone dot area rate on halftone dot film] 
(6) 

Where, a "halftone dot film" designates a film on 
which the halftone dots are recorded. When print is io 
made by the use of a printing block which is 
obtained from the halftone dot film, the halftone dot 
area rate on the printed matters is higher than that 
on the halftone dot film. This results from the ' 
matter and the like that ink is pressed against the^^^ 75 
pinting paper to spread. Generally, the dot gafn 
depends on the total amount of boundary line 
lengths (hereinafter referred to as a boundary 
length) between the halftone dot components and 
the blank components. 20 

In Fig. 6B. the dot gain Gyi of the halftone dot 
image lyi approaches that Gp of the conventional 
halftone dot image in ranges of the halftone dot 
area rates around 0% and 100%. This is because 
the substantial screen ruling Nyt of the halftone dot 25 
image lyi approaches the screen ruling Np of the 
conventional halftone dot image in the ranges, 
thereby respective boundary lengths of the both 
halftone dot images being approximate to each 
other. 30 

On the other hand, when the halftone dot area 
rate is around 50 %. the dot gain Gyi of the 
halftone dot image lyi is about twice the amount of 
that Gp of the conventional halftone dot image. This 
corresponds to the relation between the substantia! 35 
screen rulings Nyi and Np shown in Fig. 6A. 

The conventional halftone dot images have a 
problem that tone jump occurs at the halftone dot 
area rate approximate to 100 % when the screen 
ruRng increases. The tone jump is a phenomenon 40 
of sharp changes of a tone. The tone jump occurs 
because large dot gain causes all-over painting on 
the printed matters in spite of the presence of 
blank regions on the halftone dot film. As for the 
halftone dot image lyi in the preferred embodiment. 45 
however, the dot gain Gyi is held at a small value 
in a range of the halftone dot area rate approximate 
to 100 % as compared with the range around 50 
%. thereby the tone jump not being liable to occur. 

The conventional halftone dot images have an- so 
other problem that when the screen ruling in- 
creases, the halftone dot components become too 
small at a low area rate (for example. 2%) to be 
reproduced on the printing paper, that is, a prob- 
lem of the rise of a minimum printing density. This 55 
is because the repetition unit region of the halftone 
dot becomes smaller in inverse proportion to the 
increase of the screen ruling so that the magnitude 



of 2% of the repetition unit region is diminished 
extremely. On the other hand, as for the halftone 
dot image lyi in this preferred embodiment, the 
repetition unit region Uyi is not diminished and the 
halftone dot forming cores Hyn - Hyi4 are held 
around 2% in halftone dot area rate in the case of 
the nominal screen ruling of 200 lines/inch, so that 
the respective halftone dot forming cores can be 
reproduced on the printing paper. Therefore, there 
is also ah advantage of maintaining the minimum 
printing density around 2%. 

D. Schematic Construction and Operation of Device 

Fig. 1A Is a block diagram showing the sche- 
matic construction of a color process scanner ac- 
cording to the preferred embodiment of the present 
Invention. A color scanner 1 is provided with an 
input drum 3 and an output drum 4 both of which 
are fixed to a common shaft 2. An original film OF 
is wound around the input drum 3, and a recording 
film RF around the output drum 4. A motor 5 is 
provided at one end of the shaft 2, and a rotary 
encoder 6 at the other end thereof. 

In reading the original OF and recording im- 
ages on the recording film RF. the motor 5 rotates 
the shaft 2, the input drum 3 and the output drum 4 
in a direction 0 at constant speed. Incident light U 
from a light source (not shown) such as a halogen 
lump which is provided inside the input drum 3 
passes through the transparent input drum 3 and 
the original OF and is read by an input head 7. 

The input head 7 moves in a subscanning 
direction x at a constant and relatively low speed. 
Hence, the original OF is read in order of scanning 
lines along a main scanning direction y which is a 
circumferential direction of the input drum 3. The 
input head 7 separates the respective color compo- 
nents in the incident light U and generates a plural- 
ity of color separation input signals S\ correspond- 
ing respectively to color elements of red (R). green 
(G) and blue (B). The color separation input signals 
S| are inputted to a image data processing circuit 3 
to be converted Into printing density signals Bp - 
(Spy, Spm, Spc, Spk) corresponding respecively to 
ink of four colors. Y. M, C and K. as well as to 
execute processings such as color correction. The 
printing density signals Sp are inputted to a hal- 
ftone converter 9 and converted into a halftone dot 
signal Sd for forming the halftone dot with minute 
dots, which is given to a recording head 10. Based 
on the halftone dot signal Sd, the recording head 
10 exposes the recording film RF with laser light Lr 
and records the halftone dot image thereon. 

Rg. 2 is an explanatory diagram showing an 
example of the halftone dot images recorded on 
the recording film RF. The halftone dot images lyi. 
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Imi. lei and Ik, corresponding to each color element 
Y. M. C and K. are recorded on one recording film 
RF. An array order of the halftone dot images ly,. 
•ml. Id and Im is arbitrarily changeable. 

The halftone converter 9 is a circuit for gen- 
erating a halftone dot signal Sd which produces the 
halftone dot images 1,,, U. |,, and l„ shown in 
Figs. 3A - 3D on one recording film RF. and 
comprises a scanning posiHon calculation circuit 
91, a line memory 92. a screen pattern memory 
portion (hereinafter refen-ed to as a SPM portion) 
93 and a comparator 94. The scanning position 
calculation circuit 91 and the SPM portion 93 func- 
tion as screen pattem data generating means fof ' 
generating screen pattem data for every pixelln 
synchronism with the printing density signals Sp 
The comparator 94 functions as halftone dot signal 
generating means for generating the halftone dot 
signal which is a halftone dot recording signal 
The line memory 92 is operable to store the print- 
ing density signals Sp for respective dots in each 
scanning line, according to a scanning order. In an 
example shown in Rg. 2. the printing density sig- 
nals for four colors. Y. M. C and K. of the original 
image are written in this order to the memory 
positions con-esponding to regions Ri - R*. 

Fig. 1B is a block diagram showing the intemal 
construction of the halftone converter 9 in more 
detail. The scanning position calculation circuit 91 
IS a circuit for calculating the scanning positions on 
the input drum 3 and the output drum 4 on the 
basis of a pulse signal outputted for every unit 
rotational angle from the rotary encoder 6. The 
pulse signal is given to a scanning position 
calculation portion 911. wherein a main scanning 
coordinate y and a subscanning coordinate x of the 
read position on the input drum 3 are calculated. 
As described above, in operation, the input dmm 3 
and the output drum 4 are rotated in the direction fi 
at a constant speed and the input head 7 moves in 
the direction x at a constant speed. Hence, by 
counting the pulses in the pulse signal from a 
predetermined reference position, not only the 
main scanning coordinate y of a read pixel but also 
the subscanning coordinate x thereof can be cal- 
culated. In addition, since the recording head 10 
moves in the direction x at the same speed as the 
input head 7 in this prefen-ed embodiment, the 
recording position on the output drum 4 is the 
same as the read position (x,y). 

Scanning position data (x.y) is given to an 
address conversion portion 912. wherein an ad- 
dress to be given to the SPM portion 93 is 
calculated. 

The SPM portion 93 comprises SPMs 931 y, 
931 93le and 931 k for storing respective screen 
pattem data Dy. D^. D, and (described later) 
con-e!sponding respectively to four colors YMCK 



and a data selector 932 for cyclically select one out 
of the SPMs931y-931k. 

A selection signal S, for switching the data 
selector 932 is generated in a block discrimination 
s circuit 915 which is provided in the scanning posi- 
tion calculation circuit 91. The selection signal S, is 
calculated on the basis of the main scanning posi- 
tion y of the record pixel calculated by a main 
scanning position calculation portion 913 based on 
10 the pulse signal P^ from the rotary encoder 6 and 
the position data y, - y* of the respective halftone 
y dot images stored previously in a block position 
data memory 914. 

In the bkjck position data memory 914. the 
15 values of main scanning coordinates y, - of 
reference points Oi -0* in each region R, - R^ 
shown in Rg. 2 are previously stored as block 
position data. The block position data y, -y* are 
previously set by an operator according to the 
20 output conditions onto the recording film RF The 
block discrimination circuit 915 discriminates which 
of the regions R, - R» includes the position of the 
record pixel on the output drum 4. on the basis of 
the block position data y, - y* and the main 
25 scanning position y calculated in the main scanning 
position calculation portion 913. The selection sig- 
nal Ss generated in the block discrimination circuit 
915 IS given to the data selector 932. and one of 
the SPMs 931y - 91 3^ corresponding respectively 
30 to each region R, - R* is selected. 

To the comparator 94. one of the screen pat- 
tem data Dy - Dj is given from the SPM selected in 
this manner and one of the conresponding printing 
density data Spy - Sp^ is inputted from the line 
35 memory 92. 

When the printing density data and screen 
pattem data corresponding to the same record 
pixel position are thus inputted to the comparator 
94. the dot signal indicating whether or not to 
40 expose the record pixel is generated according to 
the result of the comparison between these values. 
The dot signal Sd is inputted to the recording head 
10 as above mentioned, and the respective hal- 
ftone dot images ly, - l„ are recorded in order on 
4S the recording film RF. Printing blocks for each 
color component are produced by the use of the 
recording film RF and print is made by using them 
Thereby, reproduced images can be produced on 
pnnting sheets, which have the dot structure shown 
50 inRg. 3E. 



55 



E. Constnjction of Screen Pattem Data 

In such a device, the screen pattem data Dy - 
Dk inside the SPM portion 93 are prepared accord- 
ing to the following mie in order to attain the 
halftone dot images shovm in Hgs. 3A - 3D. 
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Fig. 7 is a conceptional diagram showing the 
construction of the screen pattern data correspond- 
ing to the changes of a halftone dot in shape. Fig. 
7 shows the construction of the screen pattern data 
Dy corresponding to the halftone dot Hyi(r) shown s 
in Fig. 4A. In the screen pattern data Dy one pixel 
PX is assigned to each address indicated by the 
screen pattern coordinates (i,j). and a digital value 
is held therein as a predetermined threshold for 
every pixel. In an example shown In Fig. 7, values io 
0, 1, 2, ... in ascending order of magnitude are 
written from the center of the halftone dot forming 
core Hyn toward the periphery. The digital values 
are, as above mentioned, inputted serially to the , ? ' 
comparator 94 for each pixel and compared with /^15 
the printing density data Sp. In the case where th^' 
value of the printing density data Sp is larger than 
that of the screen pattem data, the dot signal Sd for 
exposing its pixel is outputted from the comparator 
94. Thus, the larger the value of the printing den- 20 
sity data Sp is. the larger the area of one halftone 
dot recorded shape. Fig. 7 shows border lines BY2, 
BYt. BYs. BYg. BY25. BYso, BYes and BYss of the 
halftone dot recorded shapes in the case of the 
halftone dot area rate r of 2%, 4%, 6%, 8%. 25%, 25 
50%, 65% and 95%, respectiveiy. Solid border 
lines BY2. BY50 indicate that the inside region of 
the lines is exposed, and broken lines BYes - BYgs 
indicate that the other portion than the inside re- 
gion of the lines is exposed. As for the unexposed 30 
region at the halftone dot area rate r of 50 %, the 
Illustration of the classification of the pixels PX is 
omitted for the sake of simplicity. As understood 
from Fig. 7, the screen pattern data is a matrix 
array of threshold levels and the distribution of the 35 
threshold levels includes a plurality of valleys BY50 
extending along the direction Ayi (Fig. 5A). The 
extension direction Is different for each color com- 
ponent as understood from Figs. 4A-4D. A plurality 
of isolated bottoms BYs and BYs (or BY2 and BYa.) 40 
are provided in each valley. 

The prior art needs the preparation of the 
screen pattern data for a wide image region includ- 
ing a plurality of halftone dots for each color com- 
ponent because the screen angles of the respec- 45 
tive halftone dot images are set to respectively 
different values (15* , 45' , 75°. etc.). On the other 
hand, the present invention is also advantageous in 
that, if the screen pattem data for the image region 
con-esponding to one 100% halftone dot shape are 50 
prepared for each color component as shown in 
Rg. 7, the halftone dots of all image regions can be 
formed only by adjusting the address (i,j) thereof to 
the position of the record pixel. 

55 

F. Procedure of Operation 



Rg. 8 is a flow chart showing the procedure of 
operation in recording the halftone dot image by 
the use of the aforesaid device. In the process step 
S1, the screen pattern data Dy - are stored in 
the SPMs 931 y - 931k. It is also permissible in 
place of the process step Si to select by an 
operator one of many groups of screen pattem 
data Dy - D^, being registered previously, cor- 
responding.:to various halftone dot recorded shapes 
one of the which is shown in Rgs. 4A-4D. 

In the process step 82. the original OF and the 
recording film RF are set respectiveiy on the input 
' drum 3 and the output drum 4. 

In the next process step S3, the operator in- 
puts set-up conditions such as color correction rule 
In the image data processing circuit 8, by the use 
of a keyboard and the like. 

in the process step 84, while rotating the input 
drum 3 and the output drum 4, reading of the 
original OF and recording of the halftone dot image 
on the recording film RF are executed. 

Based on the halftone dot image thus pro- 
duced, printing blocks for each color component Is 
produced in the process step S5. and overprinting 
them on a printing sheet to reproduce a color 
image in the process step S6. 

There are some cases where the halftone dot 
centers of the respective color component images 
do not completely coincide, unlike the case of Rg. 
3E, due to being out of register in printing in the 
process step S6. However, even in this case, the 
rosetta moire does not occur, because the respec- 
tive color component images are in the phase 
relation of parallel translations mutually and the 
repetition pattem thereof is held approximately the 
same in size as one halftone dot. At this time, the 
overiapping portions of each halftone dot also 
change. However, since the halftone dot recorded 
shapes for respective color components extend in 
different extension directions respectively, the area 
of the overlapping portions does not change ex- 
tremely due to being out of register, and visible 
tone change a color misplacement does not occur. 



G. Modifications 

The present invention is not limited to the 
aforesaid embodiment. For example, following 
modifications are available. 

(1) In the aforesaid preferred embodiment, four 
halftone dot forming cores are defined in one rep- 
etition unit region. However, the present invention 
is applicable as long as two or more halftone dot 
forming cores are defined. Rg. 9A shows a halftone 
dot Hy2(r) having three halftone dot forming cores 
Hy2i - Hy23. Fig. 9B shows a halftone dot Hy3(r) 
having two halftone dot forming cores Hy3i and 
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Hy32. The substantial screen rulings Nyg and Ny3 of 
the halftone dot images produced by the halftone 
dots Hy2(r) and Hy3(r) are shown in Rg. 6A, and the 
dot gain amounts Gya and Gyg thereof are shown in 
Fig. 6B. ^ 

(n the halftone dot Hy2(r) shown In Rg. 9A, the 
first and second halftone dot fonning cores Hyg, 
and Hy22 grow along the extension direction Ayai. 
and the third halftone dot forming core Hy23 grows 
along the extension direction .Ay22 having a dif- to 
ference by 90' from the direction Ayai. Thus, a 
plurality of halftone dot fonning cores in one hal- 
ftone dot may grow in respectively different direc- ./ 
tions to form linear halftone dot components. 
such a case, the occun-ence of color displaceip^t 75 
can be prevented if respective two extension direc- 
tions in the halftone dot images for other color 
components (for example, magenta block) are dif- 
ferent from t^o extension directions Ayai and A^^i 
in Fig. 9A. ' 

Figs. 1 OA - IOC show other halftone dots Hy4- 
(r). HysCr) and HyeW In the case where the number 
of the halftone dot forming cores are four, three 
and two. respectively. In Rgs. lOA-IOC. the num- 
ber of the blank components which are left at a 25 
halftone dot area rate of 90 % or more is equal to 
that of the halftone dot forming cores. However. It 
is permissible if these numbers are different from 
each other. 

(2) In the aforesaid preferred embodiment, the 30 
halftone dot forming cores extend in a predeter- 
mined direction over the range of the halftone dot 
area rates r between 8 - 50 % in the halftone dots 
Hyi. Hmi. Hci and Hk, of Hgs. 4A-4D. However, 
such a range of the halftone dot area rates r can be 35 
arbitrarily determined. For example, the range be- 
tween 6 - 50 % in the halftone dot Hy2(r) of Rg. 9A 
and the range between 4 - 50 % in the halftone dot 
HyaW of Rg. 9B correspond to the foregoing range 
of the halftone dot area rates. ^ 

In the aforesaid preferred embodiment, further- 
more, the blank components have linear shapes 
extending in a predetermined direction and the 
length thereof is reduced along the direction over 
the range of the halftone dot area rates r of 50 % 45 
or more in the halftone dots Hy,. H,,. H^i and H^i 
of Rgs. 4A-4D. This range of the halftone dot area 
rates can be also determined arbitrarily. 

(3) The respective halftone dot components 
e)ctendjng from a plurality of halftone dot forming so 
cores are substantially equivalent in shape and 
area to each other. In Rgs. 4. 9A. SB and 10A - 
IOC, the change of the halftone dot component in 
shape is specified so that the differences in area 
between the respective halftone dot components 55 
(hereinafter refen-ed to as "halftone dot compo- 
nents equivalent to each other") extending from a 
plurality of halftone dot forming cores should be 2 



% or less in halftone dot area rate. Preferably, the 
differences in area between the halftone dot com- 
ponents equivalent to each other are not more than 
a minimum printable area. The minimum printable 
area is. 2% or 4% for Instance, different according 
to the screen ruling (the nominal screen mling). the 
type of ink. the type of printing paper and the like. 

(4) In the aforesaid preferred embodiment, the 
halftone" dot images are produced for each of four 
colors YMCK. The combination of colors is not 
limited to the same, but various combinations 
thereof are employable. For example, the present 
invention can be applied to the case of producing 
the halftone dot images con-esponding to two col- 
ors, black and brown, for doubletone printing with 
these colors. 

That Is. the present invention is applicable to 
the case of producing halftone dot images for at 
least two color components. 

(5) The halftone dot image Is not limited to that 
exposed and recorded on a recording film, but may 
be recorded on other recording mediums. For ex- 
ample, the printing block itself Is a recording me- 
dium in a device which reads the original and 
produces printing blocks for each color component 
directly ("direct plate making"). 

(6) The shape of the halftone dot element is 
not limited to a line as shown in Figs. 4A-4D An 
elongated ellipse or a shape like what is called a 
chain dot is available. However, in the case of 
these other shapes, preferable is the shape 
wherein the length along a predetermined exten- 
sion direction is greater than that along another 
direction over the range of predetermined halftone 
dot area rates, "Unear" is a term including such 
various shapes. 

(7) In the aforesaid embodiment, means for 
generating the screen pattern data Dy - may be 
generated by other constructions as well as those 
shown In Rgs, 1A and IB. In particular, when two 
halftone dot recorded shapes (Hy,(r) and H„,,(r). for 
example) are in the relation of a 90" rotation as 
shown in Rgs. 4A-4D. one screen pattern data can 
be obtained only by Interchanging between i and j 
in the addresses (I, j) of tiie other screen pattern 
data which is stored in an SPM. 

(8) If a halftone dot font is prepared in accor- 
dance with the density (or gradation) and the den- 
sity signal of tiie image is converted into the cor- 
responding halftone dot font, the same halftone dot 
image as above-mentioned can be obtained. 

As described above, according to the present 
invention, the same an-ay pitch and array angle of 
the repetition unit region are set respectively in a 
plurality of halftone dot images for respective color 
components, thereby the unit region of the repeti- 
tion pattern in the reproduced image being sub- 
stantially the same in size as the halftone dot to 
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prevent the occurrence of the rosetta patterns. 

In addition, since the halftone dot recorded 
shape in a halftone dot image is for each coor 
component formed as a collection of the lines 
extending in an extension direction which is dif- 5 
ferent from that for other color components, the 
present invention is effective in that the area of the 
overlapping portions between the halftone dot re- 
corded shapes does not change extremely by be- 
ing out of register and the color misplacement can io 
be prevented. 

Furthermore, a plurality of halftone dot forming 
cores are defined in the repetition unit region of the 
halftone dot, and the halftone dot recorded shape 
is formed by a collection of the lines extending on^,^^ 75 
the basis of the respective halftone dot formin'g 
cores over the range of predetermined halftone dot 
area rates. Hence, the present invention has effects 
of increasing the screen ruling substantially over 
the range of these halftone dot area rates and 20 
consequently improving the resolution of the print- 
ed matters. 

The present invention has further effects of 
increasing the screen ruling substantially over the 
second range of the halftone dot area rates and 25 
consequently improving the resolution of the print- 
ed matters when the shape of the blank region 
which is other region than the halftone dot re- 
corded shape In the repetition unit region is de- 
fined to comprise a plurality of linear shapes over 30 
the second range of the halftone dot area rates. 

Although the present invention has been de- 
scribed and Illustrated in detail, it Is cearly under- 
stood that the same is by way of illustration and 
example only and is not to be taken by way of 3S 
limitation. The spirit and scope of the present in- 
vention should be limited only by the terms of the 
appended claims. 

The features disclosed in the foregoing de- 
scription, in the claims and/or in the accompanying 40 
drawings may. both, separately and in any com- 
bination thereof, be material for realising the inven- 
tion in diverse forms thereof. 



Claims 

1. A method of recording a halftone dot color 
image on a recording medium, comprising the step 
of: so 

(a) separating an original image into a plurality of 
color component images; 

(b) converting said plurality of color component 
images Into a plurality of color component halftone 

dot images; and 55 

(c) overprinting said plurality of color equipment 
halftone dot images on a recording medium to 
obtain la halftone dot color image on said recording 



medium; 

characterised in that said converting step (b) in- 
cludes: 

(b-1 ) providing said plurality of color component 
halftone dot images with respective arrays of 
unit regions defining cells in halftone dot repre- 
sentation; 

(b-2) providing said respective arrays of unit 
regions,, with substantially the same array pitch 
and substantially the same orientation; 
{b-3) defining a plurality of core positions In 
each unit region in said respective arrays; 
(b-4) generating a plurality of linear dot ele- 
ments which have substantially the same area 
and which extend from said plurality of core 
positions along respective predetermined direc- 
tions in said unit regions when a halftone dot 
area rate of a corresponding color component 
halftone dot image is i a predetermined range of 
dot area rates; and 

(b-5) defining said respective predetermined di- 
rections to be different from each color compo- 
nent halftone dot Image. 

2. The method of claim 1 . wherein: 

said respective predetermined directions are re- 
spective predetermined first directions; 
said range is a first range of dot area rates; and 
said converting step (b) includes: 
(b-6) generating a plurality of linear blank elements 
which extend along respective predetermined sec- 
ond directions in said unit regions when a halftone 
dot area rate of a corresponding color component 
halftone dot image is in a predetermined second 
range of dot area rates; and 

(b-7) defining said respective predetermined sec- 
ond directions to be different for each color compo- 
nent halftone dot image. 

3. The method of claim 2, wherein: 

said respective predetermined first directions are 
identical to said respective predetermined second 
directions witiiin each color component halftone dot 
image. 

4. The method of claim 3, wherein: 

said plurality of linear dot elements are parallel to 
each other; and 

said plurality of linear blank elements are parallel to 
each other. 

5. The method of claim 4, wherein: 
said converting step (b) includes: 

{b-8) defining one or more dot cores at one or 
more positions Included in said plurality of core 
positions when a halftone dot area rate of a cor- 
responding color component halftone dot image Is 
in a predetmnined third range of dot area rates. 

6. The method of claim 5, wherein: 

said step (b-8) of defining said dot areas includes 
increasing tiie number of said dot cores in each 
unit region as the halftone dot area rate of a 
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corresponding color connponent halftone dot image 
increases. 

7. The method of claim 6, wherein: 
said converting step (b) includes: 

(5-9) enlarging dot cores in said repective predeter- 
mined first directions as the halftone dot area rate 
of a corresponding color component halftone dot 
inDage increases over said predetermined third 
range of dot area rates. 

8. The method of claim 7, wherein: 

the enlarging step (b-9) includes enlarging each of 
said dot cores so that it becomes connected with 
another dot core, whereby said plurality of linear 
dot elements are obtained. y ' 
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9. The method of claim 8. wherein: /"^ 
said converting step (b) Includes: 

(b-10) generating said plurality of linear dot ele- 
ments so that they form a stripe pattern when the 
halftone dot area rate of a corresponding color 
component halftone dot image is about fifty per- 
cent. 

10. The method of claim 2, wherein: 
said converting step (b) includes: 

(b-11) shortening said plurality of linear blank ele- 
ments as the halftone dot area rate of a cor- 
responding color component halftone dot image 
increases within said predtermlned second range of 
dot area rates. 

11. The method of claim 10, wherein: 

the shortening step (b-11) includes shortening said 
plurality of linear blank elements so that they dis- 
appear one by one as the halftone dot area rate of 
a corresponding color component halftone dot im- 
age increases within said second range of dot area 
rates. 

12. The method of any preceding claim, wherein: 
said arrays of unit regions are matrix arrays of 
square unit regions. 

13. The method of any one of claims 3 to 9 
wherein: 

said plurality of color component halftone dot im- 
ages have four color component halftone dot im- 
ages; and 

said respective predetermined first directions for 
said four color component halftone dot images are 
inclined by 120^. 30°, 150° and 60° from a pre- 
determined reference direction, respectively. 

14. A color process scanner comprising: 

means (7. 8) for reading an original image (OF) and 
for generating color component signals (Spy-Spk) 
representing said original image (OF) for each color 
component: 

means (93) for generating screen pattern signals 
(Dy - Dk) representing predetermined threshold lev- 
els for each color component; 
means (94) for companng said color component 
signals (Spy-Sp^) with said screen pattern signals 
(Dy-Dk) for each color component and for each 
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pixel to generate halftone dot signals (S^) for re- 
spective color components; 
means (10) for modulating a light beam (Lr) in 
accordance with said halftone dot signals (Sd) for 
respective color components and for each pixel- 
and 

means for relatively moving said light beam (L„) 
and a photosensitive film (RF) so that said light 
scans' said photosensitive film (RF) to record color 
component halftone images on said recording film- 
wherein said means (93) for generating said screen 
pattem signals includes: 

means (931y - 931^ for assigning said threshold 
levels to respective pixels in a matrix pixel array for 
each color component, said matrix pixel an-ay hav- 
ing the same array size and the same orientation 
for all color components, the distribution of said 
threshold levels in said matrix pixel an-ay including 
a plurality of valleys extending along a predeter- 
mined direction for each color component said 
predetermined direction being different for each 
color component. 

15. The color process scanner of claim 14 
wherein: a plurality of isolated bottoms are pro- 
vided in each said vafley in said distribution of 
threshold levels. 
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